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RESEARCH AND DEVELOPMENT OF A 


LUMINOL-CARBON MONOXIDE FLOW SYSTEM 


ABSTRACT 


This report describes attempts to adapt the luminol -carbon monoxide 
injection system to a flowing type system. Although the flow system did 
not always produce consistent results, some recommendations such as short- 
ening flow lines and protecting the reaction from light are suggested. 

Analysis of actual wastewater samples was carried out and revealed that 
bacteria can be associated with particles greater than 10 microns in size in 
samples such as mixed liquor. In such cases, prefilterinq the sample with a 
10 micron filter would produce erroneous results. 

Research into the luminol reactive oxidation state was conducted which 
supported the previous theories concerning the luminol reaction. Laboratory 
evidence indicates that the oxidized iron porphyrins, cytochrome-c in 
particular, produces more luminol chemiluminescence than the reduced form. 
Correlation exists between the extent of porphyrin oxidation and relative 
chemiluminescence. In addition, the porphyrin nucleus is apparently destroyed 
under the current chemiluminescent reaction conditions. 

A paper entitled, "Use of the Luminol Assay for the Determination of 
Bacterial Iron Porphyrins Flow Techniques for Wastewater Effluent" is 
enclosed. This paper was presented at the Second Bi-Annual SAI ATP Metholo- 
logy Symposium in San Diego, California during March 1977. 

A patent describing the use of the firefly lucIferase-ATP and luminol -Iron 
porphyrin reaction system for quantification of bacteria was prepared. 


INTRODUCTION 


A major advancement In the use of the luminol reaction system for quantitating 
bacteria was described in Quarterly Reports No. 5 and 6 (NAS 5-22545). 

This new technique allows the differentiation of live from dead bacteria' in 
real time. The previous luminol methods quantitated total bacteria, live as 
well as dead; however, it has been discovered that a method employinq pre- 
treatment of a bacteria sample with carbon monoxide can be used to differen- 
tiate live from dead bacteria. The carbon monoxide pretreatmont removes the 
signal from live bacteria in a sample and the difference between untreated 
and treated samples can be directly related to the number of viable cells 
present. The research and development of this technique was exclusively 
performed using a simple injection type system where a specific volume of 
treated sample was directly injected into a specific volume of luminol 
reagent. Since the purpose of this project is to develop an automated 
real time bacteria detection system, a flowing type system would apparently 
be much more compatible with this goal. 


I. 


LUM I NOL -CARBON MONOXIDE FLOW SYSTEM 


Various flow system configurations were examined with varying degrees of 
success. Figure 1 Is a schematic of the Initial flow system configuration. 

The system was designed to selectively meter the sample with carbon monoxide 
or air to achieve the desired treatment. Some reduction of chemiluminescent 
signal occurred with a variation of approximately 33*. Although "exhaust" 
drains were provided to prevent bubbles from reaching the photometer, they 
were not completely effective and, as a result, the bubbles caused an 
unacceptably noisy signal. Had this configuration been pursued, some means 
of completely removing the bubbles would have been a necessity. 

To eliminate the Inherent problem of bubbles In the sample line In the 
example above, a second configuration Illustrated In Figure 2 was examined. 
This new configuration allowed carbon monoxide to bubble through the sample 
without allowing the bubbles to actually enter the sample line. In this study 
carbon monoxide was bubbled through a third portion of sample for 15 minutes 
and then assayed. Valve 1 In Figure 2 controlled the amount of sample put 
Into the "bubble chamber" and valve 2 selected the treated or untreated 
sample. Since the carbon monoxide-iron porphyrin complex disassociates 
In the presence of 11ght,(l) the system was operated with and without a 
large black drop cloth covering the entire operation to eliminate light. 

Large variations from sample to sample made the data statistically un- 
reliable; however, the basic trends Indicate that the flow system protected 
from light with carbon monoxide bubbling through the sample for 15 minutes 
or longer produced the best results. 

The carbon monoxide-iron porphyrin complex not only disassociates In the 
presence of light but also In the presence of oxygen. A potential source 
of oxygen In the luminol flow system is the luminol reagent itself. To 
determine If elimination of all sources of oxygen would improve the results, 
the system illustrated in Figure 3 was devised. In this system both the 
sample and luminol reagent are purged with carbon monoxide for 15 minutes and 
a large sample volume, 10 ml was used. The data in Table 1 indicates that 
carbon monoxide purging of the luminol reagent did not Increase signal 
reduction but actually lowered the reduction. This flow system with the large 
volume of sample In the bubble chamber did show good correlation with the 
injection system. 

The major problem with the luminol flow system at this time concerns re- 
peatability of results. Under identical experimental conditions it was 
very difficult to reproduce the results. It is difficult to determine If 
this problem is inherent to a flow system; however, the following recom- 
mendations can be made: 

1. The reaction system should be completely protected from 
light to protect the light sensitive carbon monoxide- 
iron porphyrin complex. 

Parr, S. R.; Wilson, M. T.; and Greenwood, C.; The Reaction of 

Pseudomonas Aeruginosa Cytochrome C. Oxidase with Carbon Monoxide, 

Blochenu J. Vol. 151, 1975, p. 51 
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Figure 1 i.*?itial experimental design of luminal - eorbon monoxide flow system 
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^erimentel fl^ system desigrmd lo bubble carbon motvwS/U l 
wmple and luminal reaaent camon monoxide through 



2. A bubble chamber with a volume over 10 m1 produces 
better results, possibly due to flushing oxygen out 
of the line with the treated sample. 

3. The shortest possible flow lines should be used for 

the carbon monoxide treated samples to prevent possible carbon 
monoxide porphyrin dissociation. 


II. ASSOCIATION OF BACTERIA WITH LARGE PARTICLES 

Examination of “real-world" wastewater effluent samples indicated that, 
in the case of returned sludge and mixed liquor, the majority of bacteria 
are associated with large j.articles. Studies with ‘■'»mples taken from a 
southwest Houston wastewater treatment plant indicated that 99.8% of the 
bacteria were associated with particles greater than 5 microns. This 
study warns of the potential dangers of using a 10 micron pre-filter for 
these types of samples. 

Studies comparing the luminol-iron porphyrin measurements and Coulter 
electronic particle of real wastewater effluent samples are continuing to 
show good correlation as shown in Table 2. 


III. VALENCE STATE OF LUMINOL REACTIVE IRON PORPHYRINS 

Spectrophotometric measurements of cytochrome-c were conducted to support 
the present theory that oxidized iron porphyrins are responsible for luminol 
chemiluminescence. The experimental results showed that cytochrome-c, 
oxidized by air or a shift in pH to pH3, produced as much as 10 times the 
luminol chemiluminescence than samples reduced by ascorbic acid or hydrogen 
over platinized asbestos. 


IV. ATP METHODOLOGY CONFERENCE PRESENTATION 

Appendix 1 contains the paper entitled, "Use of the Luminol Assay for the 
Determination of Bacterial Iron Porphyrins Flow Techniques for Wastewater 
Effluent" presented at the 2nd Bi-Annual ATP Methodology Conference in 
San Diego, California, March 1977. This paper includes the current proce- 
dures and advances for using the .luminol reaction for quantitating bacteria. 


V. PATENT 

A patent entitled, "Rapid, Quantitative Determination of Bacteria in Water" 
(NASA Case No. GSC 12, 158-1) was drafted during this quarter. This patent 
describes the methods for rapid quantification of bacteria including 
procedures for concentration and analysis using the firefly luciferase- 
^TF reaction and the luminol -iron porphyrin reaction. 



TABLE *1 

COMPARISON OF LUMINESCENT SIGNAL* WITH CARBON MONOXIDE 


METHOD INJECTION FLOW 

CO BUBBLED THROUGH 61. 3X 51.41; 

SAMPLE ONLY 


CO IN SAMPLE AND 38. 5X 44. OX 

LUMINOL REAGENT 


Comparison of the reduction of luminescent signal with carbon 
monoxide using various techniques. Sample was calculated to 
contain 56% viable bacteria 


TABLE 2 

COMPARATIVE DATA USING THE LUMINOL -IRON PORPHYRIN REACTION 


SAMPLE 

COULTER 

COUNT 

LUMINOL 

ANALYSIS 

CLARIFIER EFF. (SW HOUSTON) 
(6 Apr. 77) 

2.6x10® 

8.0x10® 

CHLORINATED EFF. ;SW HOUSTON) 
(6 Apr. 77) 

3.1x10® 

1.2x10^ 

UNCHLORINATED EFF. (SW HOUSTON) 
(18 May 77) 

3.34x10® 

3.98xl0' 

CONCENTRATED CHLORINATED EFF. 

1.15x10® 

1.18x10 


(SW HOUSTON) 
(18 May 77) 


* 


Comparative data using the lumlnol -Iron porphyrin reaction 
for quantitating bacteria and the Coulter electronic particle 
counter 



APPENDIX I 


USE OF THE LUMINOL ASSAY FOR THE DETERMINATION OF 
bacterial iron PORPHYRINS: 

FLOW TECHNIQUES FOR WASTEWATER EFFLUENT 
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USU OF LUJ'iliK.'L ACf.AY FOU Tlil'. Di:TFR;iIi:ATIO:i 

OF liAC'JL-L'illAIi IKOI^ POnPIiYRINF. : 

FLOW TECnrilQbFr* rOK VJASTLWATFU LI'FI.UEMT 


Riclicird R. Tlior'.cis 
Grace Lee Picciolo 
Emmett V7. Chappclle 
Eldon L. Jcfferc 
Reuben E.. Taylor 


The Boeing Company 
Houston, Texas 


ABSTR-'.CT : 


A chc'jai luminescent method for raonitoring microbial 
populations in v/aste\;ater effluent has been cievcilopesd as 
part of the Johnson Space Center Water Monitoring Syste:.’. 

An inexpensive, semi-r.utomatcd flov; systera as v/ell as an 
autcr.atei computer-operated system liavo been developed 
incorporating the alkaline luminol-hydrogen peroxide re- 
action v;lth bacterial iror* porphvrins. By measuring Uio 
luminescence reepon.se, an accurate inciica.tion of bacterial 
concentration can bo determined in real time v.ith a sensi- 
tivity limit of 10^ cells per milliliter. Hydrogen peroxide 
pretreatment and reaction rate resolution prevent interfer- 
ence frcM soluble iron' porphyrins and metallic ions found 
in v/astevciter effluent. 


The luminol response from five pure and mixed cultures 
of bacteria isolated from effluent has produced linear 
results. 


Since it appeors that lim;inol responds to total cells, 
a means of differentiating live from dead colls is proposed, 

INTRODUCTION: 


A chemiluminescent method for monitoring microbial 
populations in vrastevater effluent has been dovelcprd for 
use in the Johnson Space Center V’atcr Monitoring Sy.stem. 

The assay is based on the chemiluminescent reaction Latv/een 
Ivuninol (S-amino-2, 3-clihydro-l, 4-phthalazinediono) , 
hydrogen peroxide, and an activating agent in an alkaline 
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aqueous r.olutiou. Forr.i cyanide* or Lypoclilorito can L'* \u;od 
ac activating agents to produce choniliur.ineccence altl'.ouyh 
systems derived IroiVi hydrogen poro::ido and a transition 
metal such as iron, copper, or ccboJ.t can subs l.i tv.' . 

Slide 1 sho\;s the basic rt;acticn. While several r. oc r. is:"* r- 
have been proposed, so:r.c laech-.nirms involviuv^ Tree rvJica.ls 
(1) or a one electron o::iclation of the lu:.iir.ol dianion (.?, 
3, 4), no single mechanism ccripletoly explains the rcw'.ction 
for all activating agents. Slide 2 gives some indication 
of the relative intensities of the chcmiluininescont signals 
from various lurainol activating agents. 


Th'? chemilunincscont system used for monitoring micro- 
bial levels involves the reaction betv/een lur»iinol and most 
likely iron porphyrins such as cytochromes, catalase, or 
peroxidase as the activating and probably oxidir^ing agents. 
Many investigators have proposed using the luminol reaction 
for monitoring bacteria (5, 6, 7). The system used by NASA 
incorporates similar features of these tests v:ith some 
unique features. Our system is automatable v/ith special 
techniques for eliminating possible sources of interference, 
such as soluble iron porphyrins and m.etallic ions. 

The chemiluminescent assay for bacteria requires that 
the sample contain more tJian 1C* cells per milliliter for 
accurate quantification. If the sample contains Icr.s than 
10*J cells per milliliter some medns of concentration is 
necessary. Concentration by the /jnicon IIollov; Tiber Dia- 
lyzer/Cor.centrator has been primarily used in our system; 
however, concentration methods such as centrifugation and 
membrane filtration have also been developed. Troccdurc 
and results with the 7»micon Ilollo\/ I'iber unit will be 
presented by Eldon Jeffers in a later talk. Concentration 
by centrifugation is perhaps the simplest and most effi- 
cient means of concentrating a sai.'ple; however, the least 
automatable. Another method which has been developed is 
concentration on a 0.2 micron Golii’.an acropor membrane 
filter. This filter vras selected since it is one of the 
few membrane filters which is resistant to the necessary 
extractant, C.lH sodium hydroxide - 50% ethanol. The 
filter is made of a copolymer of acrylonitrile and poly- 
vinyl chloride on a nylon substrate. The procedure involves 
collecting bacteria on the membrane filter and then ex- 
tracting the iron porpliyrins with the O.lW MaOH - 50% EtOII 
raixture. Other extracting agont.s such as nitric acid have 
been tested; however, only the O.lII NaOH - 50% EtOH extracts 
the porphyrins and allows them to pass through the filter. 
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In addition, the mixture Dtabilizos the porphyrinn onco 
they arc in solution. Problcnr. ac£*ociatcd \:ith this Lcx'h" 
niquo are thonc coirjnon to all nci?l^rane filters, such as 
clogginy and slow flow rates. 

Since r.Miiy ccjrr.pounds besides intra-ccllule.r j.ror. ijor- 
phyrins produce r chemiluiniaescent rc'.sponse sever? 1 toc'h- 
ni-iues have been incorporated into the assay to clir.-ir.ate 
false signals, h simplified assay of a concentrated intv.ct 
microbial sample v;ould include the following steps: 


1 ) Pre-incubation of the sample v/ith a dilute conec n- 
traticn of hydrogen peroxide. This step eliiainates 
any soluble iron porphyrins present. 

2) If chlorine is present in the sample such as in 
chlorinated v;astGv;atcr , sodium thiosulfate can be 
used to reduce chlorine to the non-reactive chloride. 

3) The pretreated sample is then injected into the 
luiiiinol reagent. This step extracts the iren 
porphyrins from the bacteria and the resulting 
chemiluminescence can be recorded using a photo- 
meter . 

4) The light response is then measured 5 seconds after 
the initial reaction. ,This step eliminates the 
false signals from the short-rlived light responses 
from transition metals such as iron, cobalt, and 
copper, and much of the signal from fcrricyanide. 

Hydrogen peroxide pretreatment can be used to eliminato 
soluble porphyrins v.’hich v;ould other\;ise produce a false 
signal. In hydrogen peroxide oxidation as in natural de- 
gradation of iron porphyrins a bridge-carbon atom is elim- 
inated from the porphyrin nucleus (6) . Very little chemi- 
luminescent response is observed from the resulting 
dissociated iron atom. This reduction occurs even in the 
case of catalase intorf ercnce. The result is that the 
signal from soluble iron porphyrins is eliminated but 
porphyrins within intact bacteria are protected for the 
subsequent assay. 

Slide 3 shov/s the effect of hydrogen peroxide pre- 
treatment concentration v.’ith tir.ie on a 10“^M catalase r.a.mplo. 
The greatest reduction of signal occurs in the first five 
minutes. Slide 4 shows the effect of hydrogen peroxide 




prctrcatncnt cone on 'era U ion on iictual bacicria ncir.'.plc, 
r^-chori chia At final concontrat j.oiiG less than l.DI- 

peroxxdc: no slcjnif leant loss of sicjnal is observed v;ith 
protreated Ej_ coli . A final concontrat'ion of 0.5ti hydrofjon 
pcro::ido for 2 minntes v;as selected as the optimum concen- 
tration £ind tir.ie for effective reduction of soluble por- 
phyrins and little loss of s.iqnal from the bacteria sample. 

Slide 5 snows the effect of 0. 50 hydrogen peroxide for 
5 minutes on three species of bacteria, Kscherichia cell . 
Bacillus subtillis ; and Pseudoraonas aex'uginosa . It xs 
apparent that the growth stage of soma species of bacteria 
does influence the susceptibility of the bacteria to the 
hydrogen peroxide pretreatment, IThile some loss of signal 
is observed \'/ith pretreated bacteria, the loss is not sig- 
nificant compared to the loss of signal from other pretreatea 
materials. Slide 6 shov;s the effect of 0.5% hydrogen per- 
oxide pretreatment on a number of compounds capable of 
stimulating a luminol light response. Over 90% of the 
interference due to porphyrin material can be eliminated 
using this tectoique. 

However, since some loss of bacteria can occur v;ith the 
hydrogen peroxide pretreatment, this step should only be 
used if a problem v;ith soluble iron porphyrin is expected. 

In the case where a sample is concentrated by centrifugation 
very little soluble porphyrins would bs expected in the 
pellet. Since the Aiaicon Hollow Fiber unit (50,000 Mol. 

Wt. cut-off) concentrates only the bacteria and very little 
soluble porphyrins, the signal from soluble porphyrins v;ill 
probably not be significant thus not requiring hydrogen 
peroxide pretreatment. If bacteria v/ere concentrated on 
a membrane filter probably very little ixon porphyrins 
would be present; however, the filter could be washed v/ith 
the 0.5% hydrogen peroxide prior to extraction. Obviovisly, 
once the porphyrins are extracted with O.lN sodiian hydroxide 
- 50% ethcinol no hydrogen peroxide should be added. 

Chlorine has already been mentioned as a luminol chemi- 
luminescent activating agent. Adding sodium thiosulfate 
to the sample to a final concentration of 50 ng/1 effec- 
tively reduces all the chlorine to the non-reactive chloride. 
No effect on bacteria or luminol activity has been noticed 
with this treatment. The reaction rate resolution described 
later will also eliminate false signals from chlorine. 



An wan noticed in Slide C the hyJro^on XJC'"oxido pro- 
troatr.'.ont did lilt.lc! to cl.inlnr.to the lainc from 

j.nor<i,M»icn r.i cl* rr. the tranrititvi motaln. To e] imijiiil o 
the orioots! of inocoaiiic inter f< we l>evo v'ec'u* urse 

the ilif. Cerent reaction I'aten of the varioun luainoJ ncti- 
vatiny ayentn . Slide 7 i.lluntratcs ho./ the reaction rater, 
of pota:isiii,\ ferricvv.n u'e and. forroe.y ra<lfate differ from 
iron porpliyrinn .*n*ch a.n catal/iyo and tlui b.a: terii!'.:, P. celi . 
Thoiio react *.va» rate cr.rves ere .'specific for O.lt l:ydro'c;a 
pcro.'vido, uli Cerent pero>:ide concentrations r.how.iny dif- 
ferent r.haped curves, Khat can be neon in Slide 7 i.s that 
if the light measurement is rc'corded at a point 5 seconds 
after the initial r.\i::ing of sample and liuninol reagent, 
only tile catalase and K. co l i rorponse \:oold bo observed , 
VJhen coupled with the ITydroyL’n x^sroxide prctvf>c'. tmc:nt, the 
reaction rote resolution method makes the luininol systom 
quite specific for bacteria. 


The luminol reagent used in the assay consists of 
2.5 X 10”^M luminol, O.lti hydrogen peroxide, G.33 x 
cthylonediame totraucctic acid (ITDTA) and 0.75N sodium 
hydroxide. This solution has been determined as optimum 
in toms of: 


1) maximum signal to noise ratio - luminol concentratio.. 

2) elimination of inter fcronco by i>eroxido protroati'.iont 
and reaction rate resolution - hydrogen poroxido 
concentration 

3) elimination of chemiluminescent inhibition - EDTA 
concentration 


4) optimum pH - sodium hydroxide concentration. 

• A volur.'.e ratio of lil, sample to luminol reagent, has been 
used in all these studies. 

The optimura luminol concentration was determined in 
terms of lov.’o.*?t blank and highest 3 igl:t response for a 
4 X 10^ rscltorichi a coll / ml sample, .Slide C illustrates 
the samijlc rospon.so, blank roriponsc and endogenous liglit • 
an.sociatod with incro.ising luminol concentrations. 

A plot of the signal to noise ratio for the different 
luminol concentration can ba found in Slide 9. Self-quenchi :• 
of tho reaction apparently becomes important wlien the 

C 
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luminol concentration .la yrentor tlian 
0 |)tinii:i.\ liv.nir.o3 cc)rccntr.*\tion vm.' 3 lima 
2.5 X 10“ 


5 >: 10 ”*n (9). 

tlotcrrdneii to 


•iho 

bo 


Two plionornonon arc* di*;>C‘nclont on tho hydroejor pore:-; i do 
concentrat.ion; 1) pv>ak litjli'w ronjonco, anti V.) tim rol. Lo l 
reaction r.\’..ci curve;:. Slid.? 1C i lluatratoa how tho n m 1: 
light rcnpc*nao varic.^ v.’ith tUi'ioront hydrt'gcn peroxide 
concentrations in tho lumir.o.l reagent ior a bacteria .aai.’.plc. 
Slide 11 shows how tho reaction rate curvoa cluinge with 
those same hydrogen peroxide concentrations. O.lt hydrogen 
peroxide was chosen ns tho optii.mn concentration da;o to 
tho liitjhost licjljt oulput atid yet sufficient reaction rate 
resolution of tho interference signals from bacteria signals. 


The sodium hydroxide in tho lujainol reagent also serves 
two functions: 1) as an extractant to rupture the colls 

and release the iron porphyrins for tho reaction, and 2) 
to provide an alkaline solution for the cheiidluminescont 
reaction. 


The optimum pH was the criteria for selecting the 
sodiura hydroxide concentration. Lui'.unol chamilunineseonce 
with transition metals such ns iron and cobalt (I)') .rihow 
a maxinui.i around pH 10.9 (10, 11) while tb.e rraximum cl'.e.ii- 
lur.\i nose once for L. coli i.s exhibited around pH 12.1 (con- 
versation with Dr. Uucly Moyer). 0.75K sodium hydroxide 
which has a pH of 12.4 is therefore used as tho basis for 
the lur.inol reagent. Sodium, hydroxide extraction is com- 
parable in efficiency to tho O.lN nitric acid used in tho 
ATP assay. 

Certain wastewater effluents contain some materials 
which appear to inhibit luminol chemi luminescence. It is 
known for instance that some amino acids, in particular 
ar.^ino acids containing suirhydryl groups sucIj as cysteine 
and thiourea inhibit tho luminol reaction. It has been 
found that 6.33 x 1C”^M IIDTA olimi nc ‘:os tho inhibition 
phenor.mnoj'. found in the effluent at tho Jolmi-.on f>paco 
Center site. It is speculated in this particular instance 
tho L’DYA may bo chelating fiomo metallic ioi;; liowovcr, tli.'. 
octual source and .site of tho inhibition is not yet known. 

Tho luminol procedure do.scribod up to thin point in 
adequate for a single sample or multiple nam.plc assay? 
hewevor, for continuous monitoring an automatable flow 
system is much more advantageous. Such a syr.ter.i has been 


consti'uct.od l>y Tor thi> }>vn j>o.‘'.c oC cont i mioiuOy j;‘onj- 

luv.iny w.rii o.H'lvKnt. ‘aIju f.clu'i.Mwic ili;5vjj\un .in 
Pliflo 13 r.howa tho Tlow r.yr.ttMa wli.ich a.ll U«o 

Bt.opu vh.lf:l\ licwo b**cn outl.Uu'd nbovc. Tbo r<a.i'rl*'J r.ar:os 
vr.ii b 3" liyo"o ,M\ fc*r a .CJaa.l Cv Ion o:. 

with n 3 rc.'.loC‘nv'*c i:i». thin i.n tlu> pri'l • 

r.tv'p v.'luch olirinaton tha porphyr i nn . Vho l;\dro.,on 

pc'roxiilo pvotvcs\tO(i nr.nplc th.an inixen 1:1 Kith tho luinir.o3 
rcayont. Vhe S secoiui delay of the noli.tion boforo rnto^'imj 
the pliotonu'tor ol.lrii nates tho short-lived Inoriianic iutcr- 
feronccn and only tho response irou tho iron po.rphyrinn is 
wennuved. 


Slide 13 chows tho actual laboratory rotun. Tho 
apparatus shown are; 1) a huohlcr peristaltic pu?p wliich 
proportions samples iind roaqonts# and 2) tho Av.iinco Chem- 
Glow pholor.iotor . Tho appv-xra.tus ic fairly ino::poncivo and 
reliable retjuirimj only por.lodic roplaccnont of puny tv;b.vug. 


Tho automated chcmlluminoscont wastewater inonltor.intf 
system at Johnson Space Center is similar to the laboratory 
cotvip; hovv'ver, it is controlled and operated by a small 
ro:;'.putor and a sorlor. of solenoid actuated valvor. 3'lic 
li«^iit units are directly convt'rtad to oquivrleni. bacteria 
per mil.'*. il.i ter as computed by tho computer accordiny to a 
standarc calibration curve. 


In both the automattxl and smmi-automated luminol systojns, 
some naans of calibration must bo employed. lso.lated iron 
porphyrins can bo used as standards; h.owevcr, they must bo 
used in 50 ethanol mixtures since porphyrins rapidly do- 
co;.'.posc in aqueour; solution:;. Tho luiainol response for 
west bacteria is fairly constant and correlation can bo 
made boi-woen the aiaount of iron porp’iyrin per bacteria cell. 

It niyht be mentioned hero that all tho aerobe.*; this labora- 
toi'y has tested have produecvl a fairly constant luminol 
response; however, f. tre*d er» us faec a.1 t s , a fa»'i;l tativv' 
anaerobe produces vt~’y iatt'u* r«.'r.yn»u:;e. Me r.uspt'ct that 
this nay be true of all anaerobes either because they do 
not contain the ’‘noim.;!” ey tv«c!»rCTic» respiratory chain or 
all tho iron porphyrins arc in tho reduced r.t.;te. 


The best method for calibratiny tho bacteria sensor 
appears ro bo assayini known quanta uier. of cultured 
bacteria. By establ.lshiny tho liyht rcsponr.e for known 
concuntratiorti of bacteria a standard curve can bo produced. 


I 
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All calibrationo are porf.ormca uaiuy cultured bacteria vjib 
known tot.il counts* Slide 14 in a ral>\l>r*»tioj\ cuvvo potrK^vnw 
vith the semi -nut o;r.r,toU system using Known cor.con tr*''.tion v'<* 

J.'. ooli. 


• The automated nyntoan calibration was yovroimod usir.vj 
tho 5 prcvalc.nt bacteria opoeios found in Jc'hmw'n Spav'eora.i t 
Contor want ewvt tor. Tho wastewater aauple was plated, co.U'nia 
tlv'.t vopiov'enied the most prevalent morphological tyv'.'n were 
cubeultu«\'>d and lhann pure spccioa wevv' m.l::od in vcricun 
pi»rccntavjos and dilutions in dcionirod water for a total of 
120 sauiilcs, Tho bacteria \K're idcntit.ied as Klebsiella 
i at>, Pneudo v.on an pv\{ ri fa cienn , E. e oli , .vn^tli'er 
Pnoueoi;vO’.ra“n npeZviC^'^, and gTafr Tfc(jatlve'“rcr.'s , Vhrt remits, 
Figure IS, illustrate the rolationr*hlp between tho cher.i~ 
liuainescent light unit and nicivlual count by spread plate 
method. It was found that tlu' slope of the calibration 
curva van .1 and that a luminol light unit was cguivalont 
to 2 X icb' colls per ml, independent of bacteria r.pecit*s. 

The lower limit of sensitivity for the autematod flow nystur. 
as tested was 2 x 10*' colls per ml. 


Slide 16 illvn*%traton the pcrforv.vxnco of the into:* '“ormoc 
olimination methods with .*» tt»p water na:.i}do. The hydrogen 
yuroxida proUreati.tent and reaction rato resolution methods 
cemLino to eliminate Pl't oi the signals attributed to non- 
bacterial sources. Little effect on a bacteria s.*u,\ple, 

K. coli response is observovU 


The interference elimination methods as illustrated 
* in the somtjwhat challenging ex.^mplc above can eliminate 
most oI the f.ilse signals Ivem s»u.\plos. The system b.ar. 
limits and cun bo r.aturated, swampov' by very 'rivjl\ concen- 
trations of interfering mateiials. Practical experience 
has dortonatratcvi {b.at ev.'n tiujuyh co;.u\en i at ovfv'i cnees have 
been min.iniv.ed, r.pecific onv i re*u'.\o:'.ts such as iiwiustvial , 
sites may pre.neu.i. sp.'cific t>r<'»’oleu\s. Domostie w.^stewator 
w'nich may be of a l.'iirly cen:ilant composition should 'oe of 
loss cou.ee rn. 


The l\u;>inol vc.iction system is a detection system for 
total bacteria. Jive .is well as dv'ad cells. A method is 
now being dv'veloped which will allow the luminol system 
to uif ferontiato live Irom do.td colls. This method simply 


involves; LubMiuf; oai bon i.’onor.icu! vl’ror.cjh ci bi'.ctcrj.nl. r.uj - 
paiisiona lor 15 ii.inutcs which roaull.s in a loan ol iuni.inol 
sicjnr.l liroin the vJablo bacteria. A direct corrolation 
botwoon the. pcrconl. rouuctioa of l\u.»inol rcat'oiisc ar'toj. 
niono::iclo j’X'otrc-.atn'.ont and the porcont viabJo eel la prer'^nt 
in the saiuplo. 


Slide 17 iiluntratos the. relationship betv;een the 
percent reduction of lur.iinol responao with carbon r.'.ono:: u’.c 
treatriior.t, and the percent v.^cblo bactcr.ia in the r.xTip.lo 
for several species. Since the luininol rcfsponso fro:.\ the 
untreated sai.iplo is a measure of the total nur.'Jjor of ceils 
and the percent luniinol reduction is an indication of the 
percent vi£ible cells, an. accurate count (with 10 vi) of the 
actual numbers of dead and live colls can be made. 


The model wo have constructed to explain this phenomenon 
is based on several assuraptions: 1) luminol reacts v;ith 

the oxidized iron porphyrins in bacterial cell.s, 2) the 
cytochromes in dead cells are mainly in the oxidized state 
a.s a result of the cquilibriuia of the reaction favoring that 
species and, 3) the carbon monoxide complexes viith the 
reduced cytochromes (12, 13) (found .in the live cells) and 
inactivates them with the ch€imiluminescent reaction. 


Slide 13 depicts our model cells. The cytochromes 
of actively metabolizing viable cells are undergoing con- 
stant oxidation and reduction v/hile .in dead cells most of 
the cytochromes are oxidized. Carbon monoxide cciiiplexes 
with the reduced cytochromes of the live cell.s and inhibits 
any chci.-'.i luminescent .response v/lth luminol. Since the 
cytochromes in the dead cells are mostly oxidized no coiri- 
plexcs are formed and chemiluminescence can be observed 
with tiie dead cells. 


This method for differentiating liVe from dead cells 
produces accurate results using a simple injection type 
system, Worlc is currently being undertaken to adapt this 
system to a continuous typo flow system. 

In conclusion, the luminol system has several advantage?., 
over the firefly lucif erase - ATP assay. In our studies, 
luminol system is generally ten times more sensitive to mo.st 
bacteria excluding anaerobes and certainly less expensive. 
Most interfering agents likely to produce false signals 
can be eliminated and lastly, the carbon monoxide procedure 
for differentiating live from dead colls makes this assay 
extremely versatile. 

Not only is this assay well suited for continuous moni- 
toring of wastewater effluent, but it could have clinical 
uses as well as uses in basic metabolic research. 
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REACTION RATE CURVES FOR VARIOUS LUMINOL OXIDIZING 

AGENTS (ARBITRARY CONCENTRATIONS). 
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AUTOMATED LUMINOL FLOW SYSTEM INCORPORATING 
HYDROGEN PEROXIDE PRETREATMENT AND REACTION RATE 
RESOLUTION FOR ELIMINATING INTERFERENCE. 
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Luminol-7<->-hv Fe3+ + CO + Luminol 


